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1
PROCESS FOR THE PRODUCTION OF
CHLORINATED PROPENES

This application is a 371 of PCT/US2013/059603, filed on
Sep. 13, 2013, which claims benefit of 61/703,367, filed on
Sep. 20, 2012.

FIELD

The present invention relates to processes for the produc-
tion of chlorinated propenes.

BACKGROUND

Hydrofluorocarbon (HFC) products are widely utilized in
many applications, including refrigeration, air conditioning,
foam expansion, and as propellants for aerosol products
including medical aerosol devices. Although HFC’s have
proven to be more climate friendly than the chlorofluorocar-
bon and hydrochlorofluorocarbon products that they
replaced, it has now been discovered that they exhibit an
appreciable global warming potential (GWP).

The search for more acceptable alternatives to current fluo-
rocarbon products has led to the emergence of hydrofluo-
roolefin (HFO) products. Relative to their predecessors,
HFOs are expected to exert less impact on the atmosphere in
the form of a lesser, or no, detrimental impact on the ozone
layer and their much lower GWP as compared to HFC’s.
Advantageously, HFO’s also exhibit low flammability and
low toxicity.

As the environmental, and thus, economic importance of
HFO’s has developed, so has the demand for precursors uti-
lized in their production. Many desirable HFO compounds,
e.g., such as 2,3,33-tetrafluoroprop-1-ene or 1,3,3,3-tet-
rafluoroprop-1-ene, may typically be produced utilizing feed-
stocks of chlorocarbons, and in particular, chlorinated prope-
nes, which may also find use as feedstocks for the
manufacture of polyurethane blowing agents, biocides and
polymers.

Unfortunately, many chlorinated propenes may have lim-
ited commercial availability, and/or may only be available at
prohibitively high cost, due at least in part to the complicated,
multi-step processes typically utilized in their manufacture.
This may be due at least in part to the fact that conventional
processes for their manufacture may require the use of start-
ing materials that are prohibitively expensive to be economi-
cally produced by manufacturers on the large scale required
to be useful as feedstocks. Additionally, conventional pro-
cesses may require multiple chlorination and dehydrochlori-
nation steps to arrive at a desired level of chlorination in the
final product. Dehydrochlorination steps are typically con-
ducted with an aqueous base, and result in the production of
large quantites of waste water containing large quantities of
sodium chloride and/or chlorinated organics. Treatment of
this waste water is time consuming and expensive, and results
in the recovery of low value by-products.

It would thus be desirable to provide improved processes
for the large capacity and/or continuous production of chlo-
rocarbon precursors useful as feedstocks in the synthesis of
refrigerants and other commercial products. More particu-
larly, such processes would provide an improvement over the
current state of the art if they were less costly in starting
materials, processing time, utility costs and/or capital costs
required to implement and maintain the process. Generation
of' byproducts having a higher value than sodium chloride, or
really any value, would be a further advantage if provided in
such a process.

30
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2
BRIEF DESCRIPTION

The present invention provides efficient processes for the
production of chlorinated propenes. Advantageously, the pro-
cesses make use of 1,2-dichloropropane, a by-product in the
production of chlorohydrin, as a low cost starting material,
alone or in combination with 1,2,3-trichloropropane. At least
one chlorination step is conducted in the gas phase, and in
some embodiments, may be conducted at an elevated tem-
perature, e.g., greater than 150° C. Performing one or more
chlorinations in the gas phase can increase the efficiency of
the process, since gas phase chlorinations can proceed much
more quickly than liquid phase chlorinations. Because 1,2-
dichloropropane, either alone or in combination with 1,2,3-
trichloropropane, is directly chlorinated to chlorinated pro-
pene isomers, fewer steps are required than conventional
processes, and capital cost and time savings are provided. In
some embodiments, lesser amounts of chlorinated propane
intermediates are processed through caustic cracking than
conventional processes, and so, anhydrous HCl can be recov-
ered from the process rather than the lower value NaCl pro-
duced by multiple caustic cracking steps. Less waste water is
thus generated, providing further time and cost savings.

In one aspect, the present invention provides a process for
the production of chlorinated propenes from one or more
chlorinated alkanes. The process comprises at least one gas
phase chlorination step. The gas phase chlorination may be
carried out at an elevated temperature, e.g., greater than 150°
C. The one or more chlorinated alkanes comprise 1,2-dichlo-
ropropane, and may further comprise 1,2,3-trichloropropane.
Catalyst are not required for the gas-phase chlorination, but
can be used, if desired. If desired, free radical initiators are
suitable, including carbon tetrachloride, ethylene, propylene,
allyl chloride, ultraviolet light or combinations of these. The
chlorination agent for the gas-phase chlorination step com-
prises chlorine. HCI is generated by the process as a by-
product, and in some embodiments, may be recovered in its
anhydrous form for use, e.g., in downstream processes. Fur-
ther, one or more reactants may be generated within or
upstream of the process.

DESCRIPTION OF THE FIGURES

FIG. 1 shows a schematic representation of a process
according to one embodiment; and

FIG. 2 shows a schematic representation of a process
according to a further embodiment.

DETAILED DESCRIPTION

The present specification provides certain definitions and
methods to better define the present invention and to guide
those of ordinary skill in the art in the practice of the present
invention. Provision, or lack of the provision, of a definition
for a particular term or phrase is not meant to imply any
particular importance, or lack thereof. Rather, and unless
otherwise noted, terms are to be understood according to
conventional usage by those of ordinary skill in the relevant
art.

The terms “first”, “second”, and the like, as used herein do
not denote any order, quantity, or importance, but rather are
used to distinguish one element from another. Also, the terms
“a” and “an” do not denote a limitation of quantity, but rather
denote the presence of at least one of the referenced item, and
the terms “front”, “back”, “bottom”, and/or “top”, unless
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otherwise noted, are merely used for convenience of descrip-
tion, and are not limited to any one position or spatial orien-
tation.

If ranges are disclosed, the endpoints of all ranges directed
to the same component or property are inclusive and indepen-
dently combinable (e.g., ranges of “up to 25 wt. %, or, more
specifically, 5 wt. % to 20 wt. %,” is inclusive of the endpoints
and all intermediate values of the ranges of “5 wt. % to 25 wt.
%,” etc.). As used herein, percent (%) conversion is meant to
indicate change in molar or mass flow of reactant in a reactor
in ratio to the incoming flow, while percent (%) selectivity
means the change in molar flow rate of product in a reactor in
ratio to the change of molar flow rate of a reactant.

Reference throughout the specification to “one embodi-
ment” or “an embodiment” means that a particular feature,
structure, or characteristic described in connection with an
embodiment is included in at least one embodiment. Thus, the
appearance of the phrases “in one embodiment” or “in an
embodiment” in various places throughout the specification
is not necessarily referring to the same embodiment. Further,
the particular features, structures or characteristics may be
combined in any suitable manner in one or more embodi-
ments.

In some instances, “PDC” may be used as an abbreviation
for 1,2-dichloropropane, “TCP” may be used as an abbrevia-
tion for 1,2,3-trichloropropane and “TCPE” may be used as
an abbreviation for 1,1,2,3-tetrachloropropene. The terms
“cracking” and “dehydrochlorination” are used interchange-
ably to refer to the same type of reaction, i.e., one resulting in
the creation of a double bond typically via the removal of a
hydrogen and a chlorine atom from adjacent carbon atoms in
chlorinated hydrocarbon reagents.

The present invention provides efficient processes for the
production of chlorinated propenes. The present processes
comprise conducting at least one chlorination step in the gas
phase on one or more chlorinated propanes comprising PDC.
Theuse of PDC, abyproduct in many chlorohydrin processes,
as a starting material is economically more attractive than
disposing of it via incineration, as may be done in connection
with some conventional chlorohydrin processes.

The use of at least one gas phase chlorination provides
greater efficiency to the process since the reaction proceeds at
a much quicker rate than liquid phase chlorinations. And, the
use of lower temperatures than conventionally utilized for gas
phase chlorinations not only provides utility cost savings, but
also, can tend to result in lower fouling rates than those seen
when higher temperatures are used. Higher fouling rates, in
turn, tend to limit reactor lifetime and can lead to undesirable
byproduct formation. Any other chlorinations used in the
course of the process may be conducted in either the gas or
liquid phase.

The gas phase chlorination may be conducted at elevated
temperatures, e.g., of at least higher than 150° C., with
accommodations made via the length of the reactor or pro-
cessing time to provide an adequate reaction time. In some
embodiments, the gas phase chlorination may desirably be
conducted at elevated temperatures, e.g. of 150° C., or 175 C,
or 200 C.°, or 225° C.,0r 250° C., or 275° C. or even 300° C.
or greater. If elevated temperatures are used, the temperature
should be elevated enough to see an improvement in process
yield and/or selectivity, rather than a decline in the same, as
may result from e.g., reactant or product decomposition. At
temperatures greater than, e.g., 450° C., for example, signifi-
cant decomposition of dichloropropane or its products, and/
or the formation of undesirable amounts of by products, may
be expected to occur, and so, in some embodiments, if the
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4
reaction occurs at an elevated temperature, the temperature
will desirably not exceed 450° C., or 425° C., or 400° C.

In some embodiments, the gas phase chlorination may
desirably occur at temperatures between 150° C. and 450° C.
or between 175° C. and 450° C. or between 200° C. and 450°
C., or between 225° C. and 450° C. or between 250° C. and
450° C. or between 275° C. and 450° C. In other embodi-
ments, the gas phase chlorination may occur at temperatures
between 150° C. and 425° C. or between 175° C. and 425° C.
or between 200° C. and 425° C., or between 225° C. and 425°
C. or between 250° C. and 425° C. or between 275° C. and
425° C. In yet other embodiments, the gas phase chlorination
may desirably occur at temperatures between 150° C. and
400° C. or between 175° C. and 400° C. or between 200° C.
and 400° C., or between 225° C. and 400° C. or between 250°
C. and 400° C. or between 275° C. and 400° C.

The present processes, in some embodiments, may also
provide a reduction of caustic cracking steps as compared to
conventional processes, and so, anhydrous HCl can be recov-
ered. Anhydrous HCI is of greater value than the sodium
chloride that would be produced as byproduct(s) if conven-
tional caustic cracking steps were utilized. The present pro-
cess thus results in the production of a by-product that may
either be sold or used as a feedstock for other processes, e.g.,
ethylene oxyhalogenation to produce ethylene dichloride.

The present process can make use of one or more chlori-
nated alkanes to produce the desired chlorinated propenes.
Desirably, the one or more chlorinated alkanes comprise 1,2-
dichloropropane, which may be available at low cost due to its
production as a by-product in many chlorohydrin processes.
The process feedstock may also comprise trichloropropane,
or other chlorinated alkanes, if desired. And, the one or more
chlorinated alkanes may be generated within or upstream of
the process, if desired, e.g., as a byproduct in a chlorohydrin
process, or by any other methods known to those of ordinary
skill in the art.

Any chlorinated propene may be produced using the
present method, although those with 3-5 chlorine atoms are
more commercially sought after, and production of the same
may thus be preferred in some embodiments. In some
embodiments, the process may be used in the production of
1,1,2,3-tetrachloropropene, which is highly sought after as a
feedstock for refrigerants, polymers, biocides, etc.

The gas phase chlorination may advantageously be con-
ducted without the use of catalysts, however, catalysts can be
used if desired, to enhance the present process. Free radical
initiators are suitable for use, and those of ordinary skill in the
art are aware of many. Exemplary free radical catalysts suit-
able for use in the gas phase chlorination typically include one
or more chlorine atoms, and exhibit reactor phase mobility/
activity. As used herein, the phrase “reactor phase mobility/
activity” means that a substantial amount of the catalyst or
initiator is available for generating free radicals of sufficient
energy which can initiate and propagate effective turnover of
the product, the chlorinated propene(s), within the design
limitations of the reactor.

Furthermore, the catalyst/initiator should have sufficient
homolytic dissociation energies such that the theoretical
maximum of free radicals is generated from a given initiator
under the temperature/residence time of the process. It is
especially useful to use free radical initiators at concentra-
tions where free radical chlorination of incipient radicals is
prevented due to low concentration or reactivity. Surprisingly,
the utilization of the same does not result in an increase in the
production of impurities by the process, but does provide
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selectivities to the chlorinated propenes of at least 50%, or up
to 60%, up to 70%, and in some embodiments, up to 80% or
even higher.

Such free radical initiators are well known to those skilled
in the art and have been reviewed, e.g., in “Aspects of some
initiation and propagation processes,” Bamford, Clement H.
Univ. Liverpool, Liverpool, UK., Pure and Applied Chemis-
try, (1967), 15(3-4), 333-48 and Sheppard, C. S.; Mageli, O.
L. “Peroxides and peroxy compounds, organic,” Kirk-Oth-
mer Encycl. Chem. Technol., 3rd Ed. (1982), 17, 27-90.

Taking the above into consideration, examples of suitable
catalysts/initiators comprising chlorine include, but are not
limited to carbon tetrachloride, hexachloroacetone, chloro-
form, hexachloroethane, phosgene, thionyl chloride, sulfuryl
chloride, trichloromethylbenzene, perchlorinated alkylaryl
functional groups, etc. Monochloropropenes, dichloroprope-
nes, trichloropropanes and tetrachloropropanes, such as allyl
chloride, ethylene and propylene, may also exhibit activity in
chlorinating PDC under the conditions of this invention.
Combinations of any of these may also be utilized.

The process or reactor zone may be subjected to pulse laser
or continuous UV/visible light sources at a wavelength suit-
able for inducing photolysis of the free radical catalyst/ini-
tiator, as taught by Breslow, R. in Organic Reaction Mecha-
nisms W. A. Benjamin Pub, New York p 223-224.
Wavelengths from 300 to 700 nm of the light source are
sufficient to dissociate commercially available radical initia-
tors. Such light sources include, e.g., Hanovia UV discharge
lamps, sunlamps or even pulsed laser beams of appropriate
wavelength or energy which are configured to irradiate the
reactor chamber. Alternatively, chloropropyl radicals may be
generated from microwave discharge into a bromochlo-
romethane feedsource introduced to the reactor as taught by
Bailleux et al., in Journal of Molecular Spectroscopy, 2005,
vol. 229, pp. 140-144.

Additional chlorinations, if any, conducted within the pro-
cess may be conducted in either the gas or liquid phase. For
example, any chlorinations of di- or tri-chlorinated propanes
or propenes may advantageously be conducted in the liquid
phase, as higher yields may be seen than if these reactions are
conducted in the gas phase.

If one or more chlorinations are conducted in the liquid
phase, catalysts, including any of the aforementioned free
radical initiators may be utilized. Additional free radical ini-
tiators may be utilized in connection with liquid phase chlo-
rinations, and examples of these include organic and inor-
ganic hypochlorites, including hypochlorous acid, and
t-butylhypochlorite, methylhypochlorite, chlorinated amines
(chloramine) and chlorinated amides or sulfonamides such as
chloroamine-T®, and the like. Free radical initiators com-
prising one or more peroxide groups may also be used, and
examples of these include hydrogen peroxide, hypochlorous
acid, aliphatic and aromatic peroxides or hydroperoxides,
including di-t-butyl peroxide, benzoyl peroxide, cumyl per-
oxide and the like. In addition, compounds, such as azobi-
sisobutyronitrile (AIBN), 1,1'-azobis(cyclohexanecarboni-
trile (ABCN), 2,2'-azobis(2,4-dimethyl valeronitrile,
dimethyl 2,2'-azobis(2-methylpropionate), or 1,1'-azobis(cy-
clohexane-1-carbonitrile).

Or, any liquid phase chlorinations included in the process
may be conducted in the presence of ionic chlorination cata-
lysts. lonic chlorination catalysts dehydrochlorinate and
chlorinate alkanes at the same time. That is, ionic chlorination
catalysts remove a chlorine and hydrogen from adjacent car-
bon atoms to form a double bond, and HCI is released. A
chlorine is then added back, replacing the double bond, to
provide a more highly chlorinated alkane.
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Ionic chlorination catalysts are well known to those of
ordinary skill in the art, and any of these may be used in the
present process. Exemplary ionic chlorination catalysts
include, but are not limited to, aluminum chloride, ferric
chloride (FeCl;) and other iron containing compounds,
iodine, sulfur, antimony pentachloride (SbCly), boron trichlo-
ride (BCl,), lanthanum halides, metal triflates, and combina-
tions thereof.

In some embodiments, the dehydrochlorination steps of
the present process may be carried out in the presence of a
catalyst so that the reaction rate is enhanced and also use of
liquid caustic is reduced, or even eliminated, from the pro-
cess. Such embodiments are further advantageous in that
anhydrous HCl is produced, which is a higher value byprod-
uct than aqueous HCI. If the use of catalysts is desired, suit-
able dehydrochlorination catalysts include, but are not lim-
ited to, aluminum chloride (A1C13), ferric chloride (FeCl,), or
combinations of these, and may be used as a substitute to
caustic.

In other embodiments, the dehydrochlorination steps of the
present process may be conducted in the presence of a liquid
caustic. Although vapor phase dehydrochlorinations advan-
tageously result in the formation of a higher value byproduct
than liquid phase dehydrochlorinations, liquid phase dehy-
drochlorination reactions can provide cost savings since
evaporation of reactants is not required. The lower reaction
temperatures used in liquid phase reactions may also result in
lower fouling rates than the higher temperatures used in con-
nection with gas phase reactions, and so reactor lifetimes may
also be optimized when at least one liquid phase dehydro-
chlorination is utilized.

Many chemical bases are known in the art to be useful for
this purpose, and any of these can be used. For example,
suitable bases include, but are not limited to, alkali metal
hydroxides, such as sodium hydroxide, potassium hydroxide,
calcium hydroxide; alkali metal carbonates such as sodium
carbonate; lithium, rubidium, and cesium or combinations of
these. Phase transfer catalysts such as quaternary ammonium
and quaternary phosphonium salts can also be added to
improve the dehydrochlorination reaction rate with these
chemical bases.

Any or all of the catalysts utilized in the process can be
provided either in bulk or in connection with a substrate, such
as activated carbon, graphite, silica, alumina, zeolites, fluori-
nated graphite and fluorinated alumina. Whatever the desired
catalyst (if any), or format thereof, those of ordinary skill in
the art are well aware of methods of determining the appro-
priate format and method of introduction thereof. For
example, many catalysts are typically introduced into the
reactor zone as a separate feed, or in solution with other
reactants.

The amount of any free radical chlorination and/or dehy-
drochlorination catalyst utilized will depend upon the par-
ticular catalyst chosen as well as the other reaction condi-
tions. Generally speaking, in those embodiments of the
invention wherein the utilization of a catalyst is desired,
enough of the catalyst should be utilized to provide some
improvement to reaction process conditions (e.g., a reduction
in required temperature) or realized products, but yet not be
more than will provide any additional benefit, if only for
reasons of economic practicality.

For purposes of illustration only then, it is expected that
useful concentrations of the free radical initiator or ionic
chlorination catalyst will range from 0.001% to 20% by
weight, or from 0.01% to 10%, or from 0.1% to S wt. %. If a
dehydrochlorination catalyst is utilized for one or more dehy-
drochlorination steps, useful concentrations may range from
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0.01 wt. % to 5 wt. %, or from 0.05 wt. % to 2 wt. % at
temperatures of 70° C.to 200° C. If achemical base is utilized
for one or more dehydrochlorinations, useful concentrations
of these will range from 0.01 to 20 grmole/L, or from 0.1
grmole/L to 15 grmole/L, or from 1 grmole/L to 10 grmole/L,
inclusive of all subranges therebetween. Relative concentra-
tions of each catalyst/base are given relative to the feed, e.g.
1,2-dichloropropane alone or in combination with 1,2,3-
trichloropropane.

The gas-phase chlorination step is most efficiently con-
ducted with Cl,. The subsequent chlorination steps of the
process may be carried out in liquid phase using any chlori-
nation agent, and several of these are known in the art. For
example, suitable liquid phase chlorination agents include,
but are not limited to chlorine, and/or sulfuryl chloride
(SO,Cl,). Combinations of chlorinating agents may also be
used. Either or both Cl, and sulfuryl chloride may be particu-
larly effective when aided by the use of the aforementioned
ionic chlorination catalysts.

In additional embodiments, one or more reaction condi-
tions of the process may be optimized, in order to provide
even further advantages, i.e., improvements in selectivity,
conversion or production of reaction by-products. In certain
embodiments, multiple reaction conditions are optimized and
even further improvements in selectivity, conversion and pro-
duction of reaction by-products produced can be seen.

Reaction conditions of the process that may be optimized
include any reaction condition conveniently adjusted, e.g.,
that may be adjusted via utilization of equipment and/or
materials already present in the manufacturing footprint, or
that may be obtained at low resource cost. Examples of such
conditions may include, but are not limited to, adjustments to
temperature, pressure, flow rates, molar ratios of reactants,
mechanical mixing, etc.

That being said, the particular conditions employed at each
step described herein are not critical, and are readily deter-
mined by those of ordinary skill in the art. What is important
is that PDC is utilized as a starting material, and at least one
chlorination occurs in the gas phase. The order of the follow-
ing reaction steps is unimportant, and those of ordinary skill
in the art will readily be able to determine suitable equipment
for each step, as well as the particular conditions at which the
chlorination, dehydrochlorination, separation, drying, and
isomerization steps may be conducted.

In the present process, a feedstream comprising PDC,
either alone, or in some embodiments, in combination with
other alkanes such as 1,2,3-trichloropropane, is converted to
TCPE using at least one gas phase chlorination step con-
ducted either with or without the presence of a free radical
catalyst/initiator.

In one exemplary embodiment, PDC is fed to a gas phase
chlorination reactor, which may typically be a jet-stirred reac-
tor, e.g., such as that described in U.S. Pat. No. 5,268,518.
Such a reactor will typically operate adiabatically, and will
comprise a cylindrical tube reactor having an inner diameter
larger than the feed inlet inner diameter to create a back mixed
zone near the reactor entrance. The molar ratio of the feed,
i.e., either PDC alone or in combination with trichloropro-
pane, to chlorine, as well as the reactor temperature, are
controlled to achieve the desired maximum exit temperature
and conversion.

Suitable reaction conditions include, e.g., a temperature of
less than 400° C., or less than 350° C., and a pressure of from
atmospheric to 1000 kPa. Desirably, PDC conversion is con-
trolled so that the production of hexachloropropanes and
1,1,2,3,3-pentachloropropane production is minimized. As
shown in Tables 1 and 2, greater than 90% conversion of PDC
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chlorination in the gas-phase below 400° C. to the desired
products and intermediates can be achieved under the appro-
priate operating condition. The mono, di, and trichloropro-
pene and tri-, tetra-, and pentachlorinated propane interme-
diates can be further processed to produce TCPE as described
below.

The process may be carried out neat, i.e., in the absence of
diluent, or, one or more diluents may be provided to the gas
phase chlorination reactor, and may be provided as feedstock,
or, recycled from one or more separation columns operably
disposed to receive streams from the chlorination reactor. For
example, tri- and tetrachloropropane intermediates may be
recycled from a separation column and/or the chlorination
reactor may be provided with a feedstock of any appropriate
solvent for chlorination reactions, such as, e.g., carbon tetra-
chloride, HCI, or a combination of these.

The product stream from the chlorination reactor is cooled,
and partially condensed in a quench chamber. The vapor from
the quench chamber, comprising HCI, is then provided to a
first separation column. This column is operated at conditions
effective to provide anhydrous HCIl to an overhead line
thereof and chlorine through a bottom recycle line.

More particularly, the top temperature of such a column
can typically be set below 0° C. or more preferably, can be set
at a temperature of from -70° C. to —=10° C. The bottom
temperature of this column is desirably set at from 10° C. to
150° C., or from 30° C. to 100° C., with the exact temperature
dependent to some degree on the bottom mixture composi-
tion. The pressure of this column is desirably set above 200
kPa or preferably, from 500 kPA to 2000 kPa, or more pref-
erably from 500 kPa to 1000 kPa. The bottom stream of a
column operated at such conditions would be expected to
contain excess chlorine, unreacted PDC and monochloropro-
pene intermediates, while the overhead stream would be
expected to comprise anhydrous HCI.

The liquid from the quench chamber may be fed to asecond
separation column operated at conditions effective to separate
the product from the bottom stream comprising the TCPE and
intermediates with boiling point above 145° C. (such as 1,2,
3-trichloropropane, tetra- and pentachloropropanes). The
overhead stream from this separation column, comprising
lighter intermediates such as mono-, di-, and trichloroprope-
nes and unreacted PDC, tri- and tetra-chlorinated propanes,
may be provided to a liquid phase chlorination reactor to
convert the mono-, di-, and tri-chloropropenes to tri-, tetra-,
and penta-chloropropanes, respectively. The product of this
liquid phase chlorination reactor is provided to a separation
column to remove PDC and trichloropropanes intermediate
in the overhead stream. This overhead stream is then recycled
back to the gas-phase chlorination reactor, or to a liquid phase
chlorination reactor for further conversion/chlorination,
while the bottom stream, expected to comprise tetrachloro-
propanes, pentachloropropanes and heavier by-products,
such as isomers of hexachloropropanes, may be providedto a
further separation column.

This fourth separation column separates TCPE, tetrachlo-
ropropanes, 1,2,3-trichloropropane, the desirable pentachlo-
ropropanes, i.e., 1,1,2,23-pentachloropropane, 1,1,1,2,3-
pentachloropropane, and 1,1,1,2,2-pentachloropropane,
from the less desirable 1,1,2,3,3-pentachloropropane and
heavier components, which are purged as a bottom stream.

The overhead stream comprising 1,2,3-trichloropropane,
TCPE, tetrachloropropanes, 1,1,2,23-pentachloropropane,
1,1,1,2,3-pentachloropropane, and 1,1,1,2,2-pentachloropro-
pane is then provided to a reactor where it is dehydrochlori-
nated to provide dichloropropenes, trichloropropenes, 2,3,3,
3-tetrachloropropene, and 1,1,2,3-tetrachloropropene. More
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specifically, dehydrochlorination reactor may typically be a
batch or a continuous stirred tank reactor. The mixing can be
done, e.g., by mechanical or jet mixing of feed streams. Those
of ordinary skill in the art are readily able to determine the
appropriate conditions at which to run a dehydrochlorination
reactor in order to conduct the aforementioned dehydrochlo-
rination.

The reaction stream from the dehydrochlorination reactor
may optionally be provided to a drying column, and the dried
stream therefrom provided to a further separation unit to
remove di- and trichloropropenes in the overhead stream
from tetrachloropropene in the bottom stream. The trichloro-
propene intermediate can then be recycled to a liquid phase
chlorination reactor whereas the bottom stream comprising
tetrachloropropenes can be fed to a reactor to isomerize the
2,3,3 3-tetrachloropropene to 1,1,2,3-tetrachloropropene
under the appropriate conditions. For example, catalysts may
be utilized to assist in the isomerization, in which case, suit-
able catalysts include, but are not limited to (i) siliceous
granules having a polar surface including kaolinite, bento-
nite, and attapulgite; (ii) other mineral salts of silica such as
saponite, quartz, (iii) siliceous non-mineral substance such as
silica gel, fumed silica, and glass, or combinations of any of
these. Suitable conditions for drying columns for such reac-
tion streams are also known to those of ordinary skill in the
art, as evidenced by U.S. Pat. No. 3,926,758.

A schematic illustration of such a process is shown in FIG.
1. As shown in FIG. 1, process 100 would make use of
gas-phase chlorination reactor 110, liquid phase chlorination
reactor 120, separation columns 104, 116, 118, 122, and 134,
dehydrochlorination reactor 130, dryer 132, quench chamber
112, and isomerization reactor 140. In operation, 1,2-dichlo-
ropropane (alone or in combination with trichloropropanes)
chlorine, and optionally one or more free radical catalysts
such as carbon tetrachloride, allyl chloride, propylene and/or
ethylene, are fed, or otherwise provided, to gas-phase chlori-
nation reactor 110, which may be operated at any set of
conditions operable to provide for the gas phase chlorination
of PDC to tri-, tetra- and pentachlorinated propanes, and
mono-, di-, tri-, and tetrachlorinated propenes. In some
embodiments, chlorination reactor 110 may be operated at
conditions effective to provide a selectivity to hexachloropro-
panes and 1,1,2,3,3-pentachloropropane of less than 5%, as
described above, e.g., chlorination reactor may be operated at
an elevated temperature, e.g., greater than ambient, or greater
than 150° C.

The effluent of reactor 110 is cooled and partially con-
densed in quench chamber 112. The vapor stream from
quench chamber 112 is fed to separation column 104, which
may desirably be a distillation column. Separation column
104 is operated at conditions effective to provide anhydrous
HCl through an overhead line and bottom stream comprising
chlorine, PDC and monochloropropene intermediates to lig-
uid-phase chlorination reactor 120.

The liquid stream from quench chamber 112 is fed to
separation column 116, which is operated at conditions effec-
tive to separate mono-, di-, trichlorinated propenes, unreacted
PDC and the trichlorinated propanes in the overhead stream
from a bottom stream comprising the tetrachloropropene and
heavier intermediates including 1,2,3-trichloropropane, tet-
rachlorinated propanes and the pentachlorinated propanes.
The bottom stream of separation column 116 contains 1,2,3-
trichloropropane since its relative volatility is higher than
1,1,1,2-tetrachloropropane, which has the lowest boiling
points among other tetrachloropropane isomers. (see C. L.
Yaws, “Thermophysical Properties of Chemicals and Hydro-
carbons,” 2008)
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The overhead stream of unit 116 is fed to liquid phase
chlorination reactor 120 where the mono-, di-, and tri-chlo-
rinated propene intermediates are converted to tri-, tetra-, and
pentachloropropane intermediates. The reaction product
from chlorination reactor 120 is fed to separation column 122
to recover unreacted PDC the trichloropropane intermediate
in the overhead stream, which is fed back to gas-phase chlo-
rination reactor 110. The bottom stream from separation col-
umn 122 comprising mostly tetra- and pentachloropropanes
is fed back to separation column 116.

The bottom stream of separation column 116 is fed to
separation column 118, which separates it into an overhead
stream comprising the 1,23-trichloropropane, product
TCPE, tetrachloropropanes, desirable pentachloropropane
isomers (1,1,1,2,2-pentachloropropane, 1,1,2,2.3-pentachlo-
ropropane and 1,1,1,2,3-pentachloropropane) and a bottom
stream comprising the less desirable 1,1,2,3,3-pentachloro-
propane, hexachloropropane and heavier by-products. The
overhead stream is fed to dehydrochlorination reactor 130,
while the bottoms stream is appropriately disposed of [not
shown].

Within dehydrochlorination reactor 130, the desirable pen-
tachloropropane isomers are dehydrochlorinated, or cracked,
using sodium hydroxide to provide 2,3,3,3-tetrachloroprene
and 1,1,2,3-tetrachloropropene, while the tetrachloropro-
panes and 1,2,3-trichloropropane are converted to di- and
trichloropropenes. The conditions to do the dehydrochlorina-
tion reactions are either well-known, or readily determined,
by those of ordinary skill in the art. Generally speaking,
dehydrochlorination reactor 130 may be charged with caustic
soda at 50% aqueous solution at concentration of from 0.01
grmole/L. to 100 grmole/L, or from 0.1 grmole/LL to 10
grmole/L, and operated at pressures of from ambient to 400
kPA and temperature of from 40° C. to 150° C., or from 60°
C. to0 120° C. and at residence times of less than 3 hours.

The product stream of dehydrochlorination reactor 130 is
fed to drying unit 132, and then to a separation column 134.
Separation column 134 is operated at conditions effective to
provide di- and trichloropropene intermediates as an over-
head stream and TCPE its isomer, 2,3,3,3-tetrachloropropene
as a bottom stream. The overhead stream is provided to liquid
phase chlorination reactor 120 for further chlorination. The
bottom stream is further provided to the isomerization reactor
140, wherein the dried 2,3,3,3-tetrachloropropene is isomer-
ized to TCPE using catalyst as described in, e.g., U.S. Pat. No.
3,926,758.

A schematic illustration of another embodiment of the
process is shown in FIG. 2. As shown in FIG. 2, process 200
could operate on equipment comprising gas phase chlorina-
tion reactor 210 and liquid phase chlorination reactor 222,
separation columns 204, 216, 218, 222, and 234, dehydro-
chlorination reactors 230 and 250, dryer 232, quench cham-
ber 212, and isomerization reactor 240. The process as shown
in FIG. 2 thus makes use of one additional dehydrochlorina-
tion reactor 250, yet operates in much the same way.

In operation, 1,2-dichloropropane (alone or in combina-
tion with trichloropropane) and the desired chlorination agent
(e.g., chlorine), and optionally, one or more free radical ini-
tiators such as carbon tetrachloride, allyl chloride, are fed to
chlorination reactor 210, which may be operated at any set of
conditions operable to provide for the chlorination of PDC to
tri-, tetra and pentachlorinated propanes and mono-, di-, tri-,
and tetrachloropropenes.

The process 200 is operated in the same way as that in
process 100, except that an the overhead stream of separation
unit 218 comprising 1,2,3-trichloropropane, tetrachloropro-
pane, TCPE, and pentachloropropane is first provided to a
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dehydrochlorination reactor 250 where some of'the tetrachlo-
ropropanes and pentachloropropane isomers are catalytically
dehydrochlorinated to trichloropropene and tetrachloropro-
pene, e.g., using FeCl;, AICI3, or a combination of these.
Anhydrous HCI byproduct from reactor 250 is removed and
fed to unit 204 for further purification. The product stream
from dehydrochlorination reactor 250 is fed to caustic dehy-
drochlorination reactor 230, where the unreacted tri-, tetra-
and pentachloropropane(s) are caustic cracked to provide di-,
tri-, and tetrachloropropene(s). The overall product is pro-
cessed as described in process 100.

The chlorinated propenes produced by the present process
may typically be processed to provide further downstream
products including hydrofluoroolefins, such as, for example,
1,3,3,3-tetrafluoroprop-1-ene (HFO-1234ze). Since the
present invention provides an improved process for the pro-
duction of chlorinated propenes, it is contemplated that the
improvements provided will carry forward to provide
improvements to these downstream processes and/or prod-
ucts. Improved methods for the production of hydrofluo-
roolefins, e.g., such as 2,3,3,3-tetrafluoroprop-1-ene (HFO-
1234yf), are thus also provided herein.

The conversion of chlorinated propenes to provide hydrot-
Iuoroolefins may broadly comprise a single reaction or two or
more reactions involving fluorination of a compound of the
formula C(X),,CCI(Y),(C)(X),, to at least one compound of
the formula CF;CF—CHZ, where each X, Y and Z is inde-
pendently H, F, Cl, I or Br, and each m is independently 1, 2
or3 andnis0or 1. A more specific example might involve a
multi-step process wherein a feedstock of a chlorinated is
fluorinated in a catalyzed, gas phase reaction to form a com-
pound such as 1-chloro-3,3,3-trifluoropropene (1233zd). The
1-chloro-2,3,3,3-tetrafluoropropane is then dehydrochlori-
nated to 1,3,3,3-tetratluoropropene via a catalyzed, gas phase
reaction.

In the following examples, individual chloropropane iso-
mers are identified by reference to the positions of the chlo-
rine atoms, i.e., 112 indicates 1,1,2-trichloropropane, 1123
indicates 1,1,2,3-tetrachloropropane, 11223 indicates 1,1,2,
2,3-pentachloropropane, and so on. For chlorinated propenes,
similar nomenclature is used, with an “e” added as a suffix,
e.g., 112e indicates 1,1,2-trichloropropene, 1123e indicates
1,1,2,3-tetrachloropropene, 11223e indicates 1,1,2,2,3-pen-
tachloropropene, and so on.

Example |

PDC (1,2-dichloropropane) is preheated and mixed with
chlorine gas ata molar ratio 0of 0.5 PDC/CI, and a temperature
of from 300° C. to 400° C. in a ¥ inch ID preheated reactor
tube ata pressure of 22 psig. After a residence time of from 4.2
to 4.6 seconds, the product is quenched. The expected product
composition is shown in Table 1. As shown, although the
concentration of the desired intermediates declines at tem-
peratures of 350° C. and higher, the concentration of the less
desired intermediates remains low in comparison.

TABLE I
res. Time(s) 4.59 422 4.59
Temperature (° C.) 300 350 400
% chlorine 63.42 95.33 100
conversion
organic product
(mole %)
Total % desired 93.79 68.45 63.51
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TABLE I-continued

112 29.56 10.39 9.74
122 16.43 4.11 1.32
cis13e 16.27 11.60 11.89
1223 6.61 2.20 0.56
t13e 6.43 4.83 5.30
123 4.69 0.03 0.01
113e 3.44 10.01 10.25
23e 3.42 9.51 14.45
t123e 2.07 6.22 3.68
cis123e 1.62 4.81 2.83
TCPE 1.36 3.69 2.92
1123 1.35 0.56 0.21
233e 0.53 0.50 0.36
Less desired

intermediates

11233 1.84 5.61 2.70
1133e 0.33 1.22 1.77
Trans133e 0.18 0.37 0.47
Cis133e 0.15 0.32 0.42
Ethanes 1.36 10.41 16.49
methanes 0.97 10.48 14.56

Example 11

In this example, Example 1 is repeated, except the reactor
is maintained at a temperature of 300° C. and a pressure of
21.5 psig to determine the impact of PDC/CI, ratio on the
formation of desired intermediates. The resulting product
composition is shown in Table II.

As shown, decreasing the PDC/CI, ratio increases PDC
conversion and the production of higher chlorinated C3 inter-
mediates. This example thus shows that a PDC/Cl, ratio
between 0.5 and 4 can maximize the conversion of both PDC
and Cl, while maintaining selectivity to the desired interme-
diates above 90%.

TABLE II
PDC/CL, molar 7.87 3.99 2.01 1.01 0.50
res. Time(s) 3.64 3.28 2.74 2.06 2.29
% PDC conversion 68.06 82.55 95.91 99.00 99.98
% C12 conversion 100.00 100.00 100.00 78.58 53.46
Organic product
(mole %)
% desired 99.92 99.87 99.54 98.44 93.92
intermediates
2e 25.87 23.45 18.42 12.02 4.10
3e 19.42 14.30 7.17 1.19 0.02
cisle 18.87 18.00 13.99 6.84 0.84
transle 17.24 14.11 9.52 4.39 0.50
123 8.31 12.24 16.18 18.92 12.84
112 2.90 5.61 11.32 22.45 31.26
cisl3e 2.20 3.67 7.31 9.50 13.10
23e 1.94 2.98 5.38 5.85 4.58
122 1.78 3.23 5.94 11.10 16.81
trans13 1.21 1.94 3.55 4.34 5.44
33e 0.07 0.09 0.09 0.07 0.04
113e 0.05 0.13 0.41 0.93 1.90
1le 0.04 0.07 0.09 0.18 0.13
233e 0.01 0.04 0.12 0.29 0.51
1123 0.02 0.19 0.82
TCPE 0.01 0.09 0.49
Trans123e 0.02 0.09 0.52
1223 0.15 0.94 4.09
Less desired
intermediates
11233 0.02 0.11 0.52
Trans133e 0.07 0.09 0.13
Cis133e 0.06 0.07 0.11
Ethanes 0.05 0.19
methanes 0.06 0.23
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The invention claimed is:

1. A process for the production of chlorinated propanes
and/or propenes from one or more chlorinated alkanes com-
prising 1,2-dichloropropane, comprising at least one gas
phase chlorination step conducted at a pressure greater than
ambient, a temperature less than 400° C., and under reaction
conditions sufficient to achieve at least 90% conversion of the
1,2-dichloropropane.

2. The process of claim 1, wherein the gas phase chlorina-
tionreaction is conducted at a temperature of between 150° C.
and 400° C.

3. The process of claim 1, wherein the gas phase chlorina-
tion is conducted at a temperature of between 250° C. and
350° C.

4. The process of claim 1, wherein the gas phase chlorina-
tion reaction is conducted in the presence of a free radical
initiator.

5. The process of claim 1, wherein the gas phase chlorina-
tion reaction is the first reaction step.

6. The process of claim 1, wherein the one or more chlori-
nated alkanes further comprise 1,2,3-trichloropropane.

7. The process of claim 1, wherein the chlorination agent
for the gas phase chlorination step comprises chlorine.

8. The process of claim 7, wherein the ratio of 1,2-dichlo-
ropropane to chlorine is from 0.5 to 4.

9. The process of claim 4, wherein the free radical initiator
comprises carbon tetrachloride, allyl chloride, propylene, UV
light, or combinations of these.

10. The process of claim 1, wherein the chlorinated pro-
pene comprises 2 to 4 chlorine atoms.

11. The process of claim 1, wherein HCl and/or chlorine
are generated as byproduct(s).
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12. The process of claim 11, wherein the chlorine is recov-
ered and recycled to a chlorination step.

13. The process of claim 1, wherein the at least one gas
phase chlorination step generates a product stream compris-
ing di, tri, and tetrachloropropenes, tri-, tetra- and pentachlo-
ropropanes and unreacted 1,2-dichloropropane.

14. The process of claim 13, wherein the product stream is
further purified to remove 11233-pentachloropropane and
heavier byproducts.

15. The process of claim 13, wherein the di- and trichloro-
propenes are purified and provided to a second chlorination
step to provide tetra- and pentachlorinated propanes.

16. The process of claim 1, comprising at least one liquid
phase chlorination.

17. The process of claim 16, wherein the at least one liquid
phase chlorination is carried out in the presence of a free
radical initiator or ionic chlorination catalyst.

18. The process of claim 17, wherein the free radical ini-
tiator comprises hypochlorous acid, hydrogen peroxide, di-t-
butyl peroxide, benzoyl peroxide, azobisisobutyronitrile
(AIBN), 1,1'-azobis(cyclohexanecarbonitrile) (ABCN), 2,2'-
azobis(2,4-dimethyl valeronitrile, dimethyl 2,2'-azobis(2-
methylpropionate), 1,1'-azobis(cyclohexane-I-carbonitrile)
or a combination of these.

19. The process of claim 17, wherein the ionic chlorination
catalyst comprises aluminum chloride, ferric chloride
(FeCly) and other iron containing compounds, iodine, sulfur,
antimony pentachloride (SbCly), boron trichloride (BCl;),
one or more lanthanum halides, one or more metal triflates, or
a combination of these.
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